The Feulgen reaction is a cytochemical test for the detection of desoxyribonucleic (tliymonucleic) acid. After acid hydrolysis, desoxyribonucleic acid in the presence of sulphurous acid gives a characteristic red-purple colour with basic fuchsin, and the depth of the colour roughly reflects the concentration of the compound. The detailed chemistry of the reaction has been fully described by Baker (1942) . The reaction has been known for fifteen years and is much used in biology, especially in genetics, but it has only recently been applied to the problems of clinical haematology: La Cour in 1944 used the reaction to study mitotic abnormalities that occur in the bone marrow cells in pernicious anaemia; Thorell working in Caspersson's laboratory in Stockholm used the Feulgen reaction together with ultra-violet absorption techniques for studying the intimate metabolism of nucleoproteins in blood-forming cells (Thorell, 1944 (Thorell, , 1947 . We have utilized the Feulgen reaction to give help in classifying blood and bone-marrow cells when the differentiation is of clinical importance and when the routine methods fail to show really clear separation between the different types of cells.
Details of Technical Method
The technique is a slight modification of those proposed by Rafalko (1946) and Darlington and La Cour (1942) .
Air-dried smears of blood or bone-marrow are used and should be fixed as soon as possible, not more than one hour after preparation. The bone-marrow is obtained by sternal biopsy. The Granulocytes.-In the myeloblast, the nucleus takes on a pale stain but the chromatin pattern can often be clearly distinguished; there are two to four large nucleoli clearly detectable as colourless spots. The micromyeloblast is rather more deeply stained but nucleoli are clear. The promyelocyte and myelocyte show changes indicating increasing maturity-the nucleoli decrease in number and size and show a thin surrounding layer of Feulgen-positive material. The metamyelocyte has no nucleoli, but is not so deeply stained as the mature polymorphonuclear, which has Feulgen-. positive coarse chromatin with two or three prominent positive spots, usually one in each lobe of the nucleus.
Lymphocyte-The lynmphoblast has a Feulgennegative nucleus of fine structure, not very clearly defined, and there are one or two prominent nucleoli. The immature lymphocyte has a coarser and more deeply staining nuclear chromatin, but nucleoli are still present though small. The nucleus of the mature lymphocyte is composed of Feulgenpositive blocks of chromatin arranged mainly around the periphery.
Monocytes.-The mature monocyte has a fine chromatin structure and stains a faint pink. No aggregations of chromatin occur, and there are no nucleoli.
Erythroblasts (Nomenclature according to Israels, 1941 In chronic myeloid leukaemia the presence of myeloblasts can be used to assess the progress of a case and response to treatment; if these immature cells are few and their proportion decreases with treatment, the prognosis is good. It is much more difficult to assess a case of lymphatic leuleuamia in this way, because with Jenner-Giemsa stain it is not a simple matter to detect immature lymphocytes. The Feulgen stain provides the necessary information, as the proportion of negative or weakly positive lymphoblasts and immature lymphocytes with detectable nucleoli is readily determined and these cells contrast well with the Feulgen-positive mature lymphocytes without nucleoli.
2. The characteristic difference between normoblasts and megaloblast is in the nuclear structure, the chromatin being arranged respectively in clumps or in network of strands. The Feulgen stain gives a sharper picture of the intimate nuclear structure than is possible with Jenner-Giemsa, and another,difference is that the normoblasts become more deeply stained at an earlier stage of development than the megaloblasts.
3. The differentiation between lymphoblasts and myeloblasts is a problem as old as clinical haematology, and many techniques-dark-ground illumination, supravital staining, oxidase stainshave been applied with indifferent success. The Feulgen reaction helps because it defines nucleoli. Naegeli (1923) pointed out that, whereas lymphoblasts have few nucleoli, in myeloblasts they are usually multiple. In our experience there are usually one or two nucleoli in lymphoblasts, rarely three; whereas in myeloblasts there are two to four nucleoli, most commonly three. Nucleoluscounting can be a difficult task with JennerGiemsa-stained preparations; with Feulgen stain it is an easy matter to see whether the majority of the immature cells have few or many nucleoli. The presence of a majority of cells with three or C. GARDJKAS AND. M. -C. :G.-ISRAELS more nucleoli suggests a ryeloblastic form of leukaernia.
The nucleoli -with their rim of dark-staining material are a typical feature of the Feulgenstained cells. They appear often much larger than in the Jenner-Giemsa stained preparations. Thorell has related the number and size of the nucleoli to the amount of cytoplasm that is to be formed by the cell in the course of development. The myeloblasts of acute leukaemia. often have numerous and prominent nucleoli, yet fail to develop cytoplasm. Two possible explanations are that the cells are abnormal, like malignant cells, and do not develop normally; or that they are normal cells in all abnormal environment. In support of the latter explanation are Israels' (1940) observation that leukaemic myeloblasts in culture could mature into myelocytes, and Schwind's (1947) claim that injection of normal blood plasma tends to decrease the proportion of myeloblasts in the blood. It is therefore likely that in pathological states the connexion between nucleolar mass and cytoplasm formation is disturbed. Summary 1. Details are given of a rapid technique for applying the Feulgen reaction to blood and bonemarrow cells.
2. The appearances of the more important blood and bone-marrow cells when stained by this Feulgen technique are described and illustrated.
3. The Feulgen reaction is a valuable supplementary technique in clinical haematology for the following reasons:
(a) It distinguishes between-immature and mature cells, especially between lymphocytes and micromyeloblasts, and it can be used-to assess the proportion of immature cells in lymphatic leukaemia.
(b) The nuclear differences between normoblasts and megaloblasts are sharply defined.
(c) It defines nucleoli very clearly and can therefore aid in distinguishing lymphoblasts with one or two nucleoli from myeloblasts with two to four nucleoli. 4. The suggested correlation between number and size of nucleoli and subsequent cytoplasm formation appears to be disturbed in disease.
The plate was painted by Miss D. Davison, medical artist to the University.
